Background Although anthracycline-based triplets are one of the most widely used schedules to treat advanced gastric cancer (AGC), the benefit of including epirubicin in these therapeutic combinations remains unknown. This study aims to evaluate both the efficacy and tolerance of triplets with epirubicin vs. doublets with platinum-fluoropyrimidine in a national AGC registry. 
Introduction
Standard therapy for advanced gastric cancer (AGC) that overexpresses or amplifies human epidermal growth factor receptor-2 (HER2) is the combination of trastuzumab with cisplatin and fluoropyrimidines [1] . However, this pathway is actived in only some 20% of the cases [2, 3] . There are several treatment options for the remaining tumors (HER2 negative) that generally combine two or three cytostatics [4] , with objective response rates of 35-45% and median overall survival (OS) rarely exceeding 12 months [5] .
Epirubicin-containing triplets currently comprise one of the most commonly used schedules, but whether associating this drug to the combination of platinum and fluoropyrimidine can increase efficacy or activity is unknown [4, 6] . The role of 5-fluorouracil-cisplatin-epirubicin (ECF) in advanced disease was founded on a phase III trial that showed greater activity and survival, but less myelosuppression, compared to the 5-fluorouracil, doxorubicin, and methotrexate (FAMTX) schedule [7] . Nevertheless, the use of epirubicin as a single agent had previously demonstrated modest activity in AGC [8] , and trials at the time were unable to confirm that adding anthracyclines was synergistic or contributed to enhancing the efficacy of 5-fluorouracil in monotherapy [9, 10] .
Even at present, there are no phase III studies that compare FP vs. ECF, that is, the same schedules with and without anthracycline. The meta-analysis by Wagner et al. suggested increased OS for schedules with epirubicin: hazard ratio (HR) 0.77, [95% confidence interval (CI), 0.62-0.95], contributing to the more prevalent use of ECF [11] . However, it is worth mentioning that the trial with the greatest weight in this pooled measure included a comparison of two triplets, with and without epirubicin [12] , whereas the other two trials had a very small sample size and hence did not allow for definitive conclusions to be reached [13, 14] . As far as we know, only a randomized phase II trial (n = 91) has subsequently compared ECX against CX (cisplatin-capecitabine) regimens with progression-free survival as the primary endpoint, concluding that both were equivalent; hence, CX can be a reasonable standard chemotherapy [15] .
Despite all this, the doubts around choosing platinum and fluoropyrimidine doublets or adding anthracyclines to them to obtain a triplet remain unresolved. The questions as to the additive effect of epirubicin in combination are still open, given the difficulty extrapolating the data to clinical practice entails, since real-world patients are often older, frailer, and have more chronic comorbidities than highly selected clinical trial populations. Registry-based cohort studies can also address real-world safety concerns by examining serious toxicities and risk-benefit ratios in larger series of patients.
Because there is not a single phase III trial to assess the still clinically relevant effect of adding anthracyclines, we have undertaken this analysis in an attempt to examine the efficacy and tolerance of triplets with anthracyclines versus fluoropyrimidine and platinum doublets alone.
Patients and methods

Patient selection criteria
The patients are from the national AGAMENON study of consecutive cases, in which 28 Spanish sites participated. The study design, characteristics, method, and data quality criteria have been extensively reported previously [3, 4] . Briefly, the eligibility criteria include adult patients (C 18 years) with histologically confirmed, unresectable or metastatic gastric, gastroesophageal junction (GEJ), or distal esophageal adenocarcinoma who received first-line chemotherapy. Only those patients treated with two drugs (a platinum and a fluoropyrimidine), or with 3 drugs when the combination included a platinum, fluoropyrimidine, and epirubicin were included.
The most relevant exclusion criteria were the absence of at least 3 months of follow-up (except for patients who died before 3 months), fewer than 6 months since completing some kind of eventual adjuvant or neoadjuvant therapy, and the presence of other synchronous tumors. Patients who received first-line trastuzumab were excluded.
Variables
Fifteen factors that could influence the selection of triplet with anthracyclines vs. doublets with fluoropyrimidine and platinum schedules were chosen: sex, age, hypoalbuminemia (albumin \3.5 g/dl), Eastern Cooperative Group Performance Status (ECOG PS) scale C2, primary tumor site (esophagus, gastroesophageal junction, stomach), C2 Charlson chronic comorbidities, chronic heart disease, stage at diagnosis (unresectable, locally advanced vs. metastatic), surgery for primary tumor, previous perioperative treatment, presence of signet ring cells, Lauren classification (diffuse vs. others), histological grade, Her2 status, site of metastases, and year of first-line therapy. Tumor response was assessed by the local investigators by means of an ex profeso reevaluation of the radiological images or computed tomography taken approximately every 3 months, as per the RECIST 1.1 criteria. Dose intensity (DI) was defined as the amount of drug administered per unit of time, expressed as mg/m 2 weekly. Cumulative dose was defined as the total dose and reported as total mg/m 2 administered. Relative dose intensity (RDI) was considered to be the DI administered with respect to the planned dose intensity for each schedule (Supplementary Table 1 and 2). Overall survival (OS) was defined as the time from treatment initiation to death from any cause; progression-free survival (PFS) was defined as the time from the beginning of chemotherapy until tumor progression or death from any cause, with censoring of patients who are lost to follow-up.
Statistics
Univariate screening with the above-named variables was performed. Those that were significantly associated with OS (p \ 0.10) were entered into a Cox proportional hazards (PH) regression model for OS together with the treatment schedule (with or without anthracycline, binary coded). Second, we used propensity score matching (PSM), a method that projects the probability of treatment selection on a scalar score as a basis on which to generate a relatively balanced distribution of baseline variables for both types of treatment [16] . Thus, 'nearest neighbor matching without replacement,' ratio 1:1, and 'caliper width' of 0.20 were chosen to match the observations with or without anthracyclines. To assess the pairing diagnostics, standardized differences of covariate values were used; \10% indicated a negligible difference and special attention was paid to assure that additional, unforeseen imbalances were not generated in the process [16] [17] [18] . Subsequently, survival was estimated by the Kaplan-Meier method for the samples paired using this procedure. Stratified (by PS quintiles) log-rank tests were used to estimate the effect size of anthracyclines [17] . If subjects' true hazard ratio (relative risk) with anthracycline-based triplets versus doublets was 0.77, as in Wagner's meta-analysis [5] , 460 events would have to be observed to be able to reject the null hypothesis that the survival functions of both groups are similar, with a probability (power) of 0.80 and type I error associated to this test of 0.05 [19] . All statistical assessments were two-sided, and p values \ 0.05 were deemed significant. Statistical analyses were performed using RStudio, including the 'MatchIt' and 'survival' packages [20] [21] [22] .
Results
Patients
Between January 2008 and December 2016, 2169 patients were registered, of whom 1002 were evaluable for this analysis. Figure 1 illustrates the selection process. At the time of analysis, 825 deaths (82.7%) had been recorded, with a median OS of 10.4 months [95% confidence interval (CI), 9.9-11.1]. The schedules used in first-line chemotherapy are presented in Supplementary Tables 1  and 2 . To summarize, a doublet with platinum-fluoropyrimidine was used in 653 (65.1%) and a triplet with anthracyclines in 349 (34.8%) subjects; the most common triplet was EOX in 283 patients (81% of the total of anthracycline-based triplets), whereas the most frequently used doublets were FOLFOX-6 in 177 (27.1%), CAPOX in 163 (24.9%), and XP in 150 (22.9%) patients. Table 1 shows the distribution of subjects' baseline characteristics stratified per treatment. The imbalance of certain variables that were systematically associated with the use of triplets with anthracyclines versus platinum-fluoropyrimidine doublets is apparent, such as ECOG PS 0-1, absence of chronic heart disease, \2 chronic comorbidities, locally advanced, unresectable tumors, absence of liver metastases, and diffuse or poorly differentiated tumors.
Pre-and post-PSM patient characteristics
In contrast, after implementing PSM, the study population consisted of 650 subjects (325 treated with schedules based on anthracyclines, evenly matched with another 325 treated with platinum and fluoropyrimidines doublets). Of them, 542 deaths (83.3%) were recorded, with a median survival of 10.4 months (95% CI, 9.6-11.4). Supplementary Figs. 1 and 2 illustrate the distribution of propensity scores before and after matching. Table 1 displays patients' baseline characteristics, with the standardized differences between variables, before and after PSM. The PSM procedure is seen to be effective in mitigating the standardized differences for all baseline characteristics and did not generate any additional imbalances. In particular, it is worth mentioning that a satisfactory balance was achieved of the differences between variables, such as ECOG PS, Her2 status, location of metastases, albumin, histological grade, or surgery for the primary tumor, which also significantly influenced prognosis in the Cox PH regression (see below). 
Effect of epirubicin-based triplets versus doublets in the entire population
In the Cox PH regression model, after adjusting for other prognostic covariates, subjects who received triplets with epirubicin were not seen to exhibit significantly higher OS, HR 0.90 (95% CI, 0.78-1.05), p = 0.20035, in comparison with those treated with platinum-fluoropyrimidine (see Table 2 ). Likewise, no difference was observed in PFS, with HR 0.97 (95% CI 0.83-1.12), p = 0.708507 (Supplementary Table 3 ). In the binary logistic regression model, the use of anthracycline triplets was not associated with a significant increase in response rate: odds ratio 1.39 (95% CI, 0.92-2.10), p = 0.11625, after adjusting for other confounding variables (data not shown).
Effect of adding epirubicin using the PSM-matched sample
After obtaining an approximately balanced distribution of baseline variables, no increase in survival was detected: 10.5 (95% CI, 9.7-12.3) vs. 9.9 (95% CI, 9.2-11.4) months Instead, the use of triplets with anthracyclines was associated with greater overall and grade 3-4 toxicity compared to platinum-fluoropyrimidine doublets, particularly more grade 3-4 anemia, neutropenia, febrile neutropenia (10.4 vs. 6.5%), and toxicity-related hospitalization [31 vs. 18.4%, odds ratio (OR) of 1.86, (95% CI, 1.27-2.73), p = 0.0007] ( Table 3) . These admissions took place after a median of 2 months of treatment in both groups. G-CSF prophylaxis was used in 
Doses used in triplets with anthracyclines or doublets in the PSM-matched sample
Regarding the capacity to maintain the planned epirubicin dosing schedules in triplets, as well as the effect of adding this drug to the dose of platinum administered, there were essentially no differences in treatment duration, number of cycles or dose density, with the exception of a slight decrease in RDI of cisplatin of up to 77% for the XP schedule. The data do not support the hypothesis that the lack of incremental benefit from epirubicin-based triplets is due to the rapid reconversion in doublets or lowering of cytotoxic dosages, although in approximately one in four cases, the reason for discontinuing anthracycline was the emergence of toxicity deemed unacceptable or the patients' withdrawal. On the other hand, the most common causes leading to suspending epirubicin were the detection of tumor progression or completion of therapy because the maximum number of planned cycles had been administered (Table 4) .
Discussion
In this article, we have analyzed the incremental effect of adding epirubicin to platinum-fluoropyrimidine doublets using the data from an observational study of AGC. After generating a subset of patients with an approximately homogeneous distribution of baseline characteristics, the anthracycline-containing triplets were not more efficacious in terms of objective response compared to doublets, and no significant differences in PFS or OS between groups were detected. In contrast, the use of anthracycline-containing triplets was associated with greater toxicity, which presumably impacts quality of life and healthcare resource use. These results are certainly different from the conclusions of the meta-analysis by Wagner et al., who had previously reported a benefit in terms of OS associated with the use of anthracyclines-containing schedules, with a HR of 0.77 (95% CI, 0.62 to 0.95) [11] . However, the results of this meta-analysis were based on three small, unequally designed trials, with comparators that are hardly commensurate to modern clinical practice. Furthermore, they were unable to directly respond to the question regarding the incremental effect of epirubicin and took place in a context of a striking increase in toxicity [12] [13] [14] . These outcomes from randomized controlled trials (RCTs) failed to resolve doubts as to the applicability of 'intensified' therapies in the real-world conditions of clinical practice of our study in which patients are often elderly, with impaired performance status, and a high percentage of whom suffer chronic comorbidities [23] . The paucity of data from appropriately designed RCTs with a suitable sample size is the main reason why this issue continues to be relevant even today, projecting itself in our activity daily, debates, and research, which justifies conducting the analysis we present here [15] . In contrast, data from our study confirm those of a small randomized phase II study that compared the efficacy and safety of ECX vs. CX, basically with the same PFS and response rate that we report here [15] . However, we have found substantial differences in tolerance in our series with a higher rate of neutropenia, emesis and toxicity-related hospital admissions with anthracycline-based triplets.
In addition, our results are compatible with the indirect comparisons of a network meta-analysis recently reported by other authors who did not detect incremental benefits in OS and PFS for anthracycline-containing triplets compared to doublets based on fluoropyrimidines [6] . It is interesting to emphasize that the REAL-2 phase III clinical trial that led to the generalization of EOX in AGC confirmed the non-inferiority hypothesis for oxaliplatin and capecitabine versus cisplatin and fluorouracil; however, the study was not designed to appraise the value of adding epirubicin, since the four treatment arms included anthracycline [24] . The role of adding anthracyclines to platinum and fluoropyrimidine-based schedules is even more controversial if we consider that docetaxel-containing triplets have demonstrated their superiority to doublets not containing docetaxel in a multicenter, phase III study [25] and have achieved an increase in responses and a trend toward greater survival rates in a meta-analysis that included 12 RCTs [26] . Likewise, triplets with docetaxel have displayed a trend toward superiority over triplets with anthracyclines (NCT02445209) [27] . The conclusions of our study also differ to a certain extent from an earlier analysis presented by our own group, in which greater OS was observed in favor of the use of three-drug vs. two-drug schedules in general: HR, 0.77; 95% CI, 0.65-0.92; stratified log-rank test, p = 0.004. However, at that time, approximately one-third of the schedules were based on the addition of docetaxel as the third drug; consequently, the analysis could not be considered optimized to evaluate specifically the use of anthracyclines [28] .
The uncertainty as to the real effect of anthracyclines might have negatively affected the development of new targeted drugs for AGC insofar as some research groups have assumed that epirubicin-based triplets (e.g., EOX or ECX) were both the scaffolding on which to add new molecules in phase III trials, as well as the standard comparator [29, 30] . Thus, prior to scaling the risk-benefit of these kinds of triplets, the RILOMET-1 and REAL-3 trials already investigated the use of experimental quadruple therapies with the addition of monoclonal antibodies against MET and epidermal growth factor receptor (EGFR). This may have undermined the development of these targeted therapies, in part because the schedules were too toxic for patients [29, 30] . In this regard, our analysis reveals that triplets with anthracyclines are viable in clinical practice, with high RDIs ([85% with respect to the planned dose) for the three components of the schedule. Nevertheless, close to one-fourth of the patients in our study discontinued treatment because of toxicity or because of their own decision, and, more importantly, the likelihood of patients' being hospitalized early because of grade 3-4 grade toxicity increased from 18.4 to 31.0%. This study has several study limitations inherent to evaluating effects in clinical practice studies. First, PSM is presumably capable of balancing an important part of the asymmetries in the baseline covariates, which results from the systematic selection of treatments in nonrandomized series. Thus, projecting the effect of numerous covariates on a scalar 'propensity score' entails the risk of generating unforeseen imbalances in the resulting sample. Despite the matching techniques used, it cannot be ruled out that some predictors such as performance status that simultaneously affect OS and triplet selection continue to behave as residual confounding factors. Second, the concept of 'doublet' or 'triplet' with or without epirubicin has covered several schedules. Insofar as it is doubtful that all schedules are truly equivalent in terms of efficacy or safety, the analysis must be contemplated as a perspective to be confirmed, ideally in RCTs. Third, most of the analyses we present are based on retrospective data with the limitations in accuracy inherent in studies of this kind, despite the fact that the main endpoint (OS), as well as the type of treatment and other measures, can be considered reliably collected, robust data. The reader must also be mindful that the effect size used for sample size determination derives from the results of a meta-analysis and therefore may not be optimal in a cohort with real-world data.
With all the afore-mentioned exceptions and in the absence of RCTs that improve the information presented herein, these results are of interest and can potentially be clinically applicable, in addition to generating hypotheses. Our data confirm the perception that, at least for most patients, the platinum-fluoropyrimidine doublet should be considered the initial standard treatment for AGC. The oncologists who participated in this study appear to have opted for the use of anthracycline-containing triplets vs. doublets in the case of patients with apparently more aggressive tumors (G3 or diffuse), perhaps with the justification of potentially greater efficacy in terms of response. However, the study does not evince any indication that benefitted in any noticeable way in clinical practice.
It is also doubtful that the use of triplets with anthracyclines should therefore be reserved for those special situations in which maximizing the possibility of objective tumor response could conceivably translate as a relevant clinical benefit (e.g., to alleviate a symptomatic patient or for surgery in a patient for whom resection is initially doubtful). While these circumstances are obviously conceivable, it is possible that the best choice in cases such as these might be a triplet containing docetaxel and not necessarily epirubicin [25] [26] [27] .
In conclusion, the results of this study reveal that adding epirubicin to a combination of two drugs containing a platinum and fluoropyrimidine does not enhance the response rate, overall survival, progression-free survival, or clinical benefit. Furthermore, the epirubicin-containing triplet schedules used in our study incremented toxicity, the number of hospitalizations, burden of care for the teams, and, possibly, healthcare expenditure. Though this study presents the scientific limitations previously expounded, the data endorse the use of platinum-and fluoropyrimidinecontaining doublets in everyday clinical practice, except for special cases. Properly designed phase III trials with enough patients to draw conclusions with a greater level of evidence are needed. Nonetheless, we believe that those projects are quite unviable in western countries.
